4-Benzylidene-2-phenyl-5(4H)-oxazolones react with Wittig-Horner reagents in the presence of alcoholic sodium alkoxide to give novel dioxopyrrolidinephosphonates, diethyl [3-(benzoylamino)-1-cyano-2-oxo-4-phenylbut-3-en-1-yl]phosphonate and phosphonoalkenoate derivatives. Both the phosphonate adducts and the ester products were also isolated from the reaction of oxazolones with triethyl phosphonoacetate using alcoholic sodium ethoxide and/or sodium hydride as a base. Possible reaction mechanisms are considered, and the structural assignments are based on analytical and spectroscopic results. The biological evaluation of the new compounds is reported.
Introduction
Oxazolones exhibit a wide spectrum of pharmacological activities including anticancer, antimicrobial, antifungal, and antagonistic [1 -3] activity. 5(4H)-Oxazolones that are internal anhydrides of acyl amino acids make an important class of five-membered heterocycles which are also used for the synthesis of several organic molecules, including amino acids, peptides [4 -6] , antimicrobial or antitumor agents [7, 8] . This together with our interest in organophosphorus chemistry [9 -14] triggered the synthesis of new phosphorus compounds incorporating such important units that may possibly lead to biological activity.
The present study deals with the reaction of WittigHorner reagents 1a -c with 5(4H)-oxazolones 2a -e (Fig. 1) . The purpose of this study was to determine the preferential site of attack by these reagents and to synthesize new phosphonate adducts with anticipated schistosomicidal activity.
Results and Discussion
When 4-benzylidene -2 -phenyl -5(4H) -oxazolone (2a) was treated with one equivalent of triethyl phosphonoacetate (1a) in the presence of alcoholic sodium ethoxide solution at r. t. for 4 h, adduct 3a was isolated (Scheme 1). The structure of diethyl [1-benzoyl-5-benzylidene-2,4-dioxopyrrol-0932-0776 / 08 / 1000-01211 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com idin-3-yl]-phosphonate (3a) is deduced from its spectroscopic data (Scheme 1, Experimental Section).
Similarly, compound 2a reacts with trimethyl phosphonoacetate (1b), in the presence of methanolic sodium methoxide solution, to give a colorless crystalline compound formulated as dimethyl [1-benzoyl-5-benzylidene-2,4dioxopyrrolidin-3-yl]-phosphonate (3b) (Scheme 1). Structure 3b was established on the basis of its spectral data (cf. Experimental Section). A possible explanation for the reaction course of 2a with Wittig-Horner reagents 1a and 1b is shown in Scheme 1. Initial attack of the phosphonate carbanion 1a and/or 1b on the lactone carbonyl group in 2a followed by azlactone ring opening (under the influence of the alkoxide present in the reaction medium) [15, 16] accompanied by elimination of the appropriate alcohol molecule from the intermediate A, gives the cyclic products 3a and 3b (Scheme 1).
Next, when 2a was allowed to react with one equivalent of diethyl (cyanomethyl)phosphonate (1c), in the presence of alcoholic sodium ethoxide solution, adduct 4 was isolated in 75 % yield (Scheme 1). The structure of diethyl [3-(benzoylamino)-1-cyano-2-oxo-4-phenylbut-3-en-1-yl]phosphonate (4) is derived from its spectral data (cf. Experimental Section).
Furthermore, this study has been extended to include the reaction of triethyl phosphonoacetate (1a) with 2b -c. When 2b was allowed to react with one equivalent of 1a, in the presence of alcoholic sodium ethoxide solution at r. t. for 8 h, adduct 5a was isolated (Scheme 2, Experimental Section).
Similarly, 2c reacts with triethyl phosphonoacetate (1a) in alcoholic sodium ethoxide solution to give a colorless crystalline compound formulated as ethyl 1-(ethoxyphosphono)-3-benzamido-3-cyclohexyl-2-oxopropanoate (5b) (Scheme 2). The structure of the new compound 5b is assigned on the basis of the full set of its spectral data (cf. Experimental Section). Compounds 4, 5a, and 5b are possibly obtained through addition of the carbanion reagents 1c and 1a to the lactone carbonyl group of the azlactone ring followed by ring opening [15] due to the presence of a base to give the final products 4, 5a, and 5b, respectively.
When 4-[(4-methoxyphenyl)methylidene]-2-phenyl-1,3-oxazol-5(4H)-one (2d) was allowed to react with one mole equivalent of 1a in alcoholic sodium Scheme 2. ethoxide solution at r. t. for 5 h, two adducts formulated as compounds 6a and 7a were obtained (Scheme 3). Compound 6a (major product) was formulated as the known ethyl 3-(4-methoxyphenyl)-2-[(phenylcarbonyl)amino]prop-2-enoate [16] . Carrying out the reaction using sodium hydride in dry toluene as a base instead of alcoholic sodium ethoxide, led to the formation of ethyl 1-(ethoxyphosphono)-3-benzamido-4-(4-methoxyphenyl)-2-oxobut-3-enoate (7a) in good yields together with ethyl 3-(4-methoxyphenyl)-2-[(phenylcarbonyl)amino]prop-2-enoate (6a) as the minor product (Scheme 3, Experimental Section). We found that, when 2e reacts with triethyl phosphonoacetate (1a) in alcoholic sodium ethoxide solution, ethyl-2-(benzoylamino)-3-[4-(dimethylamino)-phenyl]acrylate (6b) is the sole reaction product. When 2e reacts with 1a using sodium hydride in toluene instead of alcoholic sodium ethoxide, two products formulated as 6b (12 %) and 7b (75 %) were obtained (Scheme 3).
From the results of the present investigation, it can be concluded that the reactions of oxazolones 2 with Wittig-Horner reagents 1 lead to different products, depending on the nature of the phosphonate anion, the base used, as well as on the reactivity of the corresponding benzylidene moiety. We have noted that, when electron donating groups are attached to the arylidene ring as in compounds 2b and 2c the reaction was directed to form the phosphonate products 5a and 5b. However, when only an electron-donating system is attached to the arylidene ring as in compounds 2d and 2e, both the phosphonate adducts (7a, 7b) and the ester products (6a, 6b) were isolated. The yields of products 6a, b and 7a, b depend markedly on the substituents of the arylidene moiety as well as on the base used. The significance of these findings is not only the discovery of a new reactivity pattern for the Wittig-Horner reagents but also the establishment of a novel method for the synthesis of dioxopyrrolidinephosphonate, phosphonopropanoate, and phosphonobutenoate derivatives.
Biological evaluation
The antischistosomal activity of the newly prepared organophosphorus and ester compounds was tested in vitro on Schistosoma mansoni worms. Schistosomiasis is a disease related to water contact in agriculture fields and is affecting millions of people in developing countries in tropical and subtropical parts of Africa, Asia, Central and South America [19] . It is a parasitic uncontrolled disease and represents an international as well as an important national health problem in Egypt. One of the most important methods for controlling schistosomiasis is through its intermediate host by using a chemical molluscidal agent. Therefore, the present work aimed to introduce oxazolone derivatives and test them for new antischistosomal activity in vitro on Schistosoma mansoni worms. The organophosphorus and ester compounds were tested in a concentration of 10 µg mL −1 for in vitro bioactivity on viable Schistosoma mansoni mature worms in culture medium (RPMI 1640). Three replicates were used for each compound, and three pairs of worms, males and females equally represented, were placed in each vial containing the medium and the compound. The worms were considered dead when they did not show mobility for one minute. The viability ratio of worms was determined by calculating the number of dead worms relative to the total number of worms. The results were compared with negative dimethylsulfoxide (DMSO) and positive (praziquantel) controls. Praziquantel (PZQ) is the mainstay of schistosomiasis control programs worldwide, in other words an enormous investment in terms of money, manpower and training rests on the efficacy of a single synthetic compound.
The present data revealed that both compounds 3a and 3b induced in vitro antischistosomal activity (100 % mortality). Compounds 4a, 4b, 5a and 5b showed various degrees of lethal effect (8.3 -41.7 % mortality) on worms at 10 µg mL −1 of the compounds after 4 d of exposure (Table 1 ).
The two active compounds were further subjected to determination of their inhibitory concentration (IC 50 and IC 90 ) values ( Table 2 ). The compounds 3a and 3b possess the strongest antischistosomal activity (IC 50 values equal to or less than 10 µg mL −1 ) ( Table 2) , and they are considered as promising bioactive compounds which deserve further investigation. Therefore, the present study is a trial to throw light on some new chemotherapeutic antischistosomal drugs.
Experimental Section

General remarks
and were in good agreement (±0.2 %) with the calculated values. The IR spectra (KBr) were recorded on an FT IR-8201 PC spectrophotometer (Schimadzu, Japan). The 1 H and 13 C NMR spectra were measured on a Jeol 500 MHz spectrometer in [D 6 ]DMSO or CDCl 3 . The chemical shifts were recorded relative to TMS. The 31 P NMR spectra were taken with a Varian CFT-20 instrument vs. external 85 % H 3 PO 4 as the standard. The mass spectra (EI) were run at 70 eV on a Finnegan SSQ 7000 spectrometer (Thermo-instrument System Incorp., USA), m/z values are given in Dalton. TLC (silica gel, aluminum sheets 60 F 254 , Merck, Darmstadt, Germany) was used for tracing the reactions. Wittig-Horner reagents 1a -c and 5(4H)-oxazolones 2a -e were prepared according to reported procedures [20 -22] .
Reaction of triethyl phosphonoacetate (1a) with 4-benzylidene-2-phenyl-5(4H)-oxazolone (2a)
A solution of sodium ethoxide (0.068 g, 1 mmol) in absolute ethanol (30 mL) was treated with an equimolar amount of triethyl phosphonoacetate (1a), and then the oxazolone 2a (0.16 g, 1 mmol) was added. The resulting reaction mixture was stirred at r. t. for 4 h. Then the reaction mixture was poured into a small amount of water, extracted with ethyl acetate, and the extracts were dried over anhydrous sodium sulfate and the solvents evaporated under reduced pressure. The residual material was recrystallized from ethyl acetate to give 3a. 
Reaction of trimethyl phosphonoacetate (1b) with 4-benzylidene-2-phenyl-5(4H)-oxazolone (2a)
A solution of sodium methoxide (0.054 g, 1 mmol) in absolute methanol (30 mL) was treated with an equimolar amount of 1b, and then the oxazolone compound 2a (0.16 g, 1 mmol) was added. The resulting reaction mixture was stirred at r. t. for 4 h and then poured into a small amount of water (2 mL 
Reaction of diethyl (cyanomethyl)phosphonate (1c) with 2a
A solution of sodium ethoxide (0.068 g, 1 mmol) in absolute ethanol (30 mL) was treated with 1c (0.18 g, 1 mmol). Compound 2a (0.16 g, 1 mmol) was added, and the reaction mixture was stirred at r. t. for 5 h, then poured into a small amount of water (2 mL). The mixture was extracted with chloroform, dried, and the solvents were evaporated under reduced pressure. 
General procedure for the reaction of triethyl phosphonoacetate (1a) with 2b, c
A solution of sodium ethoxide (0.068 g, 1 mmol) in absolute ethanol (30 mL) was treated with an equimolar amount of the phosphonate 1a (0.22 g,1 mmol). After 5 min, 2b or 2c (1 mmol) was added, and the reaction mixture was stirred at r. t. for 8 h. The solution was poured into water (1 -2 mL), the mixture extracted with ethyl acetate (3 × 20 mL), the solution was dried, and the solvents were evaporated under reduced pressure. The residue was recrystallized to give adducts 5a, b. Sodium ethoxide (0.068 g, 1 mmol) in absolute alcohol (30 mL) was added to a solution of an equimolar amount of 1a, and then the starting material (2d, 2e) (1 mmol) was added. The reaction mixture was stirred for 8 h at r. t., then poured into water (1 -2 mL). The mixture was extracted with ethyl acetate (3 × 20 mL), and the extracts were dried over anhydrous sodium sulfate and the solvents evaporated under reduced pressure. The residue was subjected to silica gel column chromatography to give the products 6a, 7a and 5b. 
